In the visual domain, illusions have traditionally been regarded as mistakes made by the perceptual system. This is reflected in the terminology applied to such perception, such as "deficient perception" (Gibson, 1966, chap. 14) and "misperception" (Hochberg, 1981, p. 257) , and in the observation that "perception can go wrong** (Gregory, 1972, p. 131) . In the recent literature, however, there are suggestions that illusions may result from the application of normal operating principles in circumstances where ambiguous or impoverished cues prevail (e.g., Bartley, 1980; Rock, 1986) .
In contrast to visual illusion, the study of auditory illusion is a relatively uncommon and comparatively recent endeavor. Some contemporary investigators of auditory-perceptual organization regard the discrepancy between proximal stimulation and perceptual experience as "an accomplishment of the nervous system" (Bregman, 1978, p. 391 ) rather than as a breakdown of perceptual mechanisms. Indeed, perceptual processes may "distort" sensory information to emphasize the structure of the stimulus, and such altered (i.e., illusory) information may be present in most, if not all, percepts. Perceivers are typically unaware of the lack of veridicality because of the absence of objective measurements for comparison with perceptual information.
This conceptual framework depicts illusions as manifestations of perceptual organization, because the resulting percepts, although nonveridical, promote useful or meaningful interpretations of stimulus input. In this light, the demonstration of illusions in infancy may provide important insights into the development of pattern perception. Thus, it is of interest to specify which illusions are experienced, when (i.e., at what age) they appear, and what mechanisms are responsible for their appearance.
To date, three auditory illusions have been investigated in infancy: the precedence effect, auditory stream segregation, and the duration illusion. In demonstrations of the precedence effect, investigators present two identical sounds from different locations, with one sound delayed relative to the other. Adults seem to hear only the leading loudspeaker with delays that are clearly detectable for single-source sounds (Wallach, Newman, & Rosenzweig, 1949) . The favored interpretation is that the perceptual system suppresses the second sound because the temporal pattern is consistent with reverberation of the first sound from nearby surfaces (see Scharf & Houtsma, 1986) . Morrongiello, Kulig, and Clifton (1984) demonstrated that infants as young as 6 months of age also experience the precedence effect, although the effective delay between the onset of the first and second sound source changes with age. In contrast, newborns treat all precedence-effect stimuli as if they hear both sound sources (Clifton, Morrongiello, Kulig, & Dowd, 1981; Morrongiello, Clifton, & Kulig, 1982) .
Auditory stream segregation refers to the phenomenon whereby rapidly repeated sequences of discrete sounds are grouped or segregated according to similarities in their pitch, timbre, or other properties, leading to the perception of two or more parallel sequences or streams. This effect, which has been studied extensively in adults (see Bregman, 1978 Bregman, , 1981 , is thought to reflect the high probability that sounds with very different properties emanate from different sources. One consequence of stream segregation is that it is difficult to recover the order of tones across streams (Bregman & Campbell, 1971) . In the single study of auditory stream segregation in infancy, Demany (1982) compared infants' discrimination of the temporal order of tones that would be within the same stream or in different streams for adult listeners. Like adults, infants detected the temporal order of tones within the hypothesized streams but not across streams, implying that stream segregation occurs in infant perception.
The duration illusion refers to our perception of the duration of silent intervals between groups of sounds as longer than identical intervals within a group of sounds. Perceptual grouping is known to affect subjective judgments of duration (Bolton, 1894; Miner, 1903; Woodrow, 1909) as well as duration discrimina-122 tion (Fitzgibbons, Pollatsek, & Thomas, 1974) , presumably because of the illusory creation or elongation of silent intervals between groups of elements in auditory sequences. Thorpe, Trehub, MonongieUo, and Bull (1988) investigated the effect of frequency similarity on infants' and children's ability to detect changes in intertone intervals, either between tones of differing frequency groups (XXX OOO) or within a group of tones (XXXO OO). Using infant listeners, support for the inferior detection of intervals between groups compared with those within a group was somewhat equivocal. Although infants' detection of within-group increments was significantly greater than chance and their detection of between-group increments was not, the difference in performance between increment locations was not significant. Children's performance, on the other hand, showed clear differences as a function of interval location, indicating the operation of grouping mechanisms similar to those of adults.
Although there is evidence that infants beyond the newborn period experience the precedence effect (Clifton, 1985) and auditory stream segregation (Demany, 1982) as do adult listeners, there is no definitive evidence that they experience the duration illusion (Thorpe et al., 1988) . One possibility is that the mechanism responsible for the duration illusion is undeveloped in 6-month-olds. Alternatively, the illusion may be present in infancy but limited to a narrow range of stimulus parameters. In previous research, infant listeners were presented with temporal increments of 75 ms or greater (Thorpe et al., 1988) , and adult listeners, with increments of 10 ms or greater (Thorpe, 1985) . Moreover, when adults were tested using the same standard stimulus as in Thorpe et al., maximal performance differences between increment locations (between-vs. within-group) occurred at increments of 20 ms, and near-perfect performance was achieved at both locations for increments of 60, 80, and 100 ms.
Although, in principle, it is reasonable to evaluate infant performance using the same parameters as with adults, in practice this may not be feasible. Indeed, the low level of infant performance using 75-ms increments (Thorpe et al., 1988) provides little encouragement for the use of even smaller increments. An alternative strategy is to select grouping parameters that have yielded more pronounced location effects using adults. For example, Thorpe (1985) found that greater frequency separation between tone groups led to clear location effects in adult listeners for larger increments. Moreover, tone groups denned by subtle differences in overtone structure (i.e., the number and amplitude of harmonic components) led to significant location effects over a broad range of increment values. The purpose of the present investigation was to explore the possibility of comparable location effects (i.e., the duration illusion) in infant listeners.
Experiment 1
Infants' discrimination of temporal intervals as a function of increment location was examined in the context of tone sequences that could be grouped on the basis of overtone structure. The stimulus was a six-tone sequence, with three identical complex tones followed by three identical sine tones. Our prediction was that infants would have greater difficulty detecting temporal increments to silent intervals between groups than those within a group when the tone groups were based on overtone structure. Thorpe et al. (1988) found that, for six-tone sequences that were not readily amenable to grouping (e.g., an ascending sequence), there were no performance differences between increments following the third or fourth intertone interval. Thus, any performance differences that would emerge for increments following the third tone (between groups), compared with those following the fourth tone (within a group), could be assumed to result from grouping processes as opposed to increment location perse.
Method
Subjects. The subjects were 24 healthy, full-term infants between 6 and 9 months of age. The sample consisted of 12 boys and 12 girls, with a mean age of 8 months, 7 days. AH infants met a predetermined training criterion prior to testing and all completed the 24-trial test session.
Stimuli. The standard stimulus consisted of three 440-Hz sawtoothwave tones followed by three 440-Hz sinusoidal tones. The tones and intertone intervals were all 200 ms in duration, yielding an overall pattern duration of 2.2 s. The interpattern interval was 800 ms, and the resulting onset-to-onset time, 3.0 s. Rise and decay times of individual tones were 30 ms, and signal intensity at the approximate location of the infant's head was 59 dBA (63 dBC) for the sawtooth-wave tones and 75 dBA (79 dBC) for the sinusoidal tones. The sawtooth-and sine-wave tones were matched for loudness, as judged by adult listeners. Note, however, that equal loudness functions for infants may differ from those for adults, resulting in loudness differences that could make the two groups of tones more distinct. The contrasting stimuli were identical with the standard, except for one of the intertone intervals, which was incremented by either 80 or 100 ms. The increment was added to the interval following the third tone (between-groups) or to the interval following the fourth tone (within-group).
Design. We tested 12 infants using each of the increments. In an attempt to increase statistical power, we examined the effects of increment location within subjects. Each infant was presented with 24 trials: 8 using the between-groups increment, 8 using the within-group increment, and 8 that were no-change trials.
Apparatus. A Commodore PET 2001 -16N microcomputer was used to control stimulus presentation and to monitor and record responses. A custom-built interface permitted the computer to control the remaining equipment The stimuli were generated on-line by two Hewlett-Packard 3325A synthesizer/function generators and presented via one channel of a Marantz stereo amplifier and Radio Shack Nova-6 loudspeaker. Intensity of the stimulus was controlled by two MED Associates programmable attenuators and calibrated using a General Radio (Model 1551-C) sound level meter. An Industrial Acoustics single-walled, sound attenuating chamber (1.8 X 1.9 m) served as the test room and had an ambient noise level of 42 dBC (27 dBA) at the approximate location of the infant's head.
During the session, the infant was seated on the parent's lap in one corner of the booth, facing the experimenter. To the infant's right, at an angle of 90°, were the loudspeaker and a four-chamber, smoked Plexiglas box containing four different toys that served as reinforcers. The experimenter and the parent both wore headphones carrying music to mask the nature of the stimuli presented to the infant. The experimenter initiated trials and recorded responses using a small control box (two push buttons mounted on a Hammond chassis).
Procedure. The procedure was adapted from Trehub, Bull, and Thorpe (1984) . The infant was presented repeatedly with the standard tone sequence separated by 800-ms silent intervals. When the infant was quiet and facing directly ahead, the experimenter initiated a training trial, at which time a contrasting sequence replaced the next back-ground sequence. The contrasting sequence incorporated a 300-ras increment in the second intertone interval of the sequence. This increment location was selected for training because it did not occur during the subsequent test trials. If the experimenter judged that the infant turned to face the loudspeaker (45*, an unambiguous response), she pressed the response button. If the turn occurred during the presentation of the contrasting sequence or the intersequence interval, a toy was automatically illuminated and activated for 4 s. Head turns at other times were not reinforced, and head turns of less than 45* were not scored. If the infant responded correctly on two consecutive trials, the increment in the contrasting stimulus was reduced to 200 ms. The infant was required to respond on four consecutive trials using the 200-ms increment in order to meet the training criterion. Any infant who failed to turn to the change on two consecutive trials was presented, on subsequent trials, with a 400-ms increment until he or she responded correctly on two consecutive trials, at which time the increment was reduced by 100 ms, and so on. The session was abandoned if the infant did not meet the training criterion within 20 trials.
Once the training criterion was met, the test phase began immediately. During the test phase, the repeating background remained the same as in the training phase. Each trial consisted of a 3-s observation period (the response interval) beginning with the first tone of the test stimulus. The infant was presented with change trials that included an incremented interval and with no-change trials during which the standard stimulus continued to play. The headphones with masking sound made it impossible for the experimenter to distinguish change from nochange trials. Thus, the no-change trials provided an estimate of spontaneous turning in the direction of the loudspeaker when the signal (i.e., an incremented interval) was not present. The test session consisted of 24 trials randomized individually for each infant, with the constraint that only two consecutive no-change trials could be presented.
Results
The data consisted of the number of change trials (two types) and no-change trials on which a head turn was observed. The mean proportions of responses on each type of trial are shown in Figure 1 (Panel a) . The relatively high false alarm rate reflects the difficulty of the task, namely the detection of temporal increments in the context of multitone patterns. In order to meet conventional assumptions of parametric tests regarding the independence of trials and underlying distribution of scores, and to eliminate differential effects of response bias, data from each infant were transformed to d' values, which are assumed to be normally distributed (see Green & Swets, 1966) . The infant's task (go/no-go) in the present study corresponds most closely to the adult yes/no task. Accordingly, tables corresponding to the yes/no task were used to determine d'. The proportion of responses on each type of change trial was used to estimate the probability of a hit, and the proportion of turns on no-change trials provided an estimate of the probability of a false alarm. Thus, a d' score was derived for each type of change trial.
Proportions of either 1.0 or 0.0 are problematic because they result in an infinite d\ In view of the small number of trials per subject, such scores were considered to reflect statistically infinite rather than truly infinite d's (following Macmillan & Kaplan, 1985) . (In the present experiment, one infant achieved a perfect score on within-group change trials, and a second infant failed to respond on any between-group change trials.) To avoid the complication of infinite d% the proportions used in the determination ofd' were calculated by adding Vi to the number of responses of each infant on each type of trial and dividing the resulting score by the number of trials plus 1. The advantages of this method of handling perfect scores are discussed more fully in Thorpe et al. (1988) .
To assess infants* ability to detect the increments, we analyzed d' scores using one-tailed t tests to determine whether the mean significantly exceeded zero. One-tailed tests were used because a difference in direction opposite to that predicted was not meaningfully different from the null hypothesis. That is, a significantly negative d' implies that the signal distribution lies below the noise distribution. In contrast, / tests (for related measures) comparing performance at the two locations for each increment were two-tailed.
For the 100-ms increment, the mean d' for the within-group location was 0.68, t{\ 1) -4.73, p < .0005; for the betweengroups location, the mean d' was 0.23, f(l 1) = 1.24. Thus, infants could detect the 100-ms increment in the within-group location but not in the between-groups location. A comparison of means for the two conditions revealed a significant performance difference favoring the within-group location, 1(11) = 2.14, p < .05. Infants also detected the 80-ms increment in its within-group location, mean d' = 0.54, r(l 1) = 3.47,^ < .005. As with the larger increment, the 80-ms between-groups increment was not detected, mean d' = -0.10, t( 11) = -0.79. Again, performance at the two locations was significantly different,
Discussion
The inferior discrimination of increments between groups compared with those within a group implies that infants grouped the component tones on the basis of overtone structure, and that such perceptual grouping had important temporal consequences. These findings parallel those reported for adults using the identical stimuli (Thorpe, 1985) . Infants 1 failure to detect incremented intervals in the between-groups location is also consistent with their failure to detect 75-ms increments between groups defined by frequency differences (Thorpe et al. s 1988) . In the latter instance, however, the performance difference between increment locations was not significant. The significant location effects of the present study provide compelling evidence that infants experience the illusion of lengthened duration between perceptual groups, as is the case for adults. Such evidence provides encouragement for the specification of other conditions under which the duration illusion might be observed.
Experiment 2
The goal of this experiment was to examine the effects of frequency similarity on infants' discrimination of temporal intervals. In previous infant research ( Thorpe et al., 1988) , the duration illusion was not evident when the component frequencies were 659 and 440 Hz (7-semitone difference). There is evidence to suggest, however, that greater frequency disparities lead to greater location effects in adults (Thorpe, 1985) . Accordingly, the standard pattern of the present experiment incorporated a larger frequency disparity than that used by Thorpe et al. Our prediction was that infants would exhibit significantly poorer performance for between-group increments than for withingroup increments. 
Method
Subjects. The subjects were 33 infants between 6 and 9 months of age. There were 3 infants excluded from the final sample, 1 for failing to meet the training criterion, 1 for fussiness, and 1 because of experimenter error. The final sample consisted of 30 infants, 11 boys and 19 girls, with a mean age of 7 months, 14 days.
Stimuli. The standard stimulus consisted of six sinusoidal tones: three 1470-Hz tones, followed by three 282-Hz tones (a disparity just less than 2¥i octaves). The intensity of each sinusoid was 75 dBA, which matched the loudness of the two tone groups for adult listeners. In other respects, the stimulus was identical with that of Experiment 1. The contrasting stimuli differed from the standard in the duration of one intertone interval, which was incremented by 80 or 100 ms, as in Experiment 1. Again, the increment was added to the interval following the third tone (between-groups location) or the fourth tone (within-group location).
Design. There were 10 infants tested using the 100-ms increment and 20, using the 80-ms increment. Each infant was presented with 30 trials: 10 using the between-groups increment, 10 using the withingroup increment, and 10 that were no-change trials.
Apparatus. The equipment was the same as in Experiment 1, with the exception that only one synthesizer was required to generate the stimuli.
Procedure. The procedure was similar to that in Experiment 1. In an attempt to facilitate discrimination of the contrasting stimuli, the response interval was increased to 5.6 s, and there were two successive presentations of the test stimulus on each trial.
Results
The raw data are presented in Figure 1 (Panel b) . Note the high raise-alarm rate, attributable, in part, to the difficulty of the task and, in part, to the lengthened response interval (5.6 s compared with 3 s in Experiment 1), which provided increased opportunities for false alarms as well as hits. The proportions of responses on each type of trial were calculated and transformed to d' as in Experiment 1. (Two infants achieved perfect scores on within-group change trials using the 80-ms increment.) Infants detected the 100-ms increment at the withingroup location, mean d' = 0.66, «(9) = 3.48, p < .005. For the between-groups location, mean d' was 0.15, f(9) = 0.99, indicating infants' failure to detect the 100-ms increment. Comparison of performance at the two locations revealed significantly better performance for increments within groups, t(9) = 3.74, p < .01. Infants also detected the 80-ms increment at the within-group location, mean d' = 0.31, t( 19) = 2.18, p < .025. Again, they failed to detect the between-groups increment, mean d' = 0.05, 1(19) = 0.36, but comparisons of the means did not yield significant differences, t{ 19) = 1.61.
Discussion
The frequency disparity in the present experiment revealed differential detection of within-and between-group increments, in contrast to results obtained using the smaller frequency disparity in Thorpe et al. (1988) . As in Experiment 1, the findings provide clear evidence that infants can group the components of auditory sequences on the basis of similarity. Moreover, these results imply that infants experience the duration illusion, which is to say that they perceive between-group intervals as longer than equivalent within-group intervals. Finally, these results, in conjunction with those of Thorpe et al., imply that the greater the frequency disparity between contrasting tone groups, the greater the effect, as is the case for adults.
Experiment 3
In Experiment 3, we evaluated the perceptual consequences for infants of grouping on the basis of intensity. Thorpe (1985) found that an intensity disparity of 15 dB led to adult location effects that were similar to those obtained using a small frequency disparity and weaker than those obtained using a large frequency disparity or an overtone disparity. In order to maximize the likelihood of location effects for intensity using infant listeners, we increased the intensity disparity to 25 dB. On the basis of evidence for the duration illusion using the overtone and frequency disparities of Experiments 1 and 2, coupled with previous evidence from adults (Thorpe, 1985) , we anticipated that infants would show inferior performance for betweengroup rather than within-group increments using an intensity disparity of 25 dB.
Method
Subjects. The subjects were 12 infants between 7 and 11 months of age. There were 7 boys and 5 girls, with a mean age of 8 months, 24 days. All of the infants met the training criterion and completed the test session.
Stimuli. The standard stimulus consisted of three 85-dB, 1-kHz sinusoidal tones, followed by three 60-dB, 1-kHz tones. The contrasting stimulus contained an increment of 80 ms, either between groups or within the second group. We did not test for infants' detection of 100-ms increments because these had not been evaluated by Thorpe (1985) using adult listeners.
Design. As in Experiment I, each infant was presented with 24 trials: 8 using the between-groups increment, 8 using the within-group increment, and 8 that were no-change trials.
Apparatus and Procedure. These were identical with those used in Experiment 2.
Results and Discussion
The proportions of responses on each type of trial are shown in Figure 1 (Panel c). The within-group increment was discriminable, mean d' = 0.50, /(11) = 2.70, p < .025, but the betweengroup increment was not, mean d' = 0.38, #11) = 1.76, ns. A comparison of performance between locations revealed no differences.
These results resemble those of Thorpe et al. (1988) for the 75-ms increment and 7-semitone frequency disparity and those of Experiment 2 of the present investigation for the 80-ms increment and the larger frequency disparity. In itself, the present experiment provides somewhat equivocal support for the perceptual grouping hypothesis under consideration. Together with the clear findings of Experiments 1 and 2, however, we have a pattern of performance consistent with the operation of perceptual grouping mechanisms in infancy.
General Discussion
A summary of the results of the three experiments is given in Table 1 , together with comparable data from Thorpe et al. (1988) . In all cases, infants were successful at detecting the within-group increments. With the exception of the 100-ms increment with small frequency disparity (Thorpe et al., 1988) , however, the between-groups increment was never detected. Performance on the patterns with large frequency disparity and Thorpe et al. (1988) Thorpe, Trehub, Morrongiello, & Bull (1988) .
overtone structure disparity paralleled that of adults (Thorpe, 1985) in that increments at the between-groups location were significantly less detectable than comparable increments within the second group. Perhaps the smaller frequency disparity was less successful in generating fully distinctive perceptual groups for infants, which would account for the discriminability of the 100-ms between-groups increment and the absence of a location effect. Similarly, disparities in intensity may not be optimal for promoting perceptual grouping. What is clear, however, is that pattern structure rather than sequential position of the increment (following the third or fourth tone) affects the detectability of such temporal increments (Thorpe et al., 1988) . These findings indicate that infants experience the duration illusion, at least in some contexts. In the case of the small frequency disparity (Thorpe et al., 1988) or the intensity disparity (Experiment 3), the results are somewhat less conclusive. In both cases, however, the pattern of discriminability is consistent with the operation of the duration illusion, despite the absence of significant performance differences as a function of location. Note, however, that adult location effects were not obtained for increments of 80 to 100 ms under these same grouping conditions (Thorpe, 1985) .
Perhaps the structure or organization of an auditory pattern is signaled by the presence of auditory contour, which refers to salient, relatively sharp changes in stimulus parameters. Auditory contour would guide preliminary segmentation or parsing of the stimulus train into chunks, providing the basis for further perceptual or cognitive processing. The present findings imply that auditory contour has similar consequences in infancy and adulthood, leading to comparable alterations of perceived interelement duration and comparable processing advantages. There is some suggestion that less salient parameter disparities (e.g., small frequency differences) may also evoke the duration illusion for infants, but to a lesser degree. In such cases, the perceptual lengthening of interelement intervals may lead to chance performance (i.e., nondiscri mi nation) for the betweengroups location, but this lengthening may be insufficient to generate significant performance differences for between-and within-group increments.
The salience or sharpness of the change in auditory contour is likely to increase with increased rates of presentation. Accordingly, it would be of interest to explore the effects of presentation rate on infants* (and adults') ability to detect incremented intervals such as those in the present investigation. It is clear that auditory stream segregation and the precedence effect are dependent on rate. The duration illusion must also depend on rate, in that very slow rates or very long interelement intervals would preclude the formation of coherent groups. Moreover, it is reasonable to expect that, at more rapid rates, infants might detect smaller increments than those of the present study.
The obtained pattern of findings implies that perceptual processes that are based on the gestalt principle of similarity are available to infant listeners. Because infants experience the duration illusion, we can infer that they perceive similar elements within an auditory sequence as a cohesive temporal group, distinct from adjacent groups. Although it is possible for infants to perceive auditory groups on the basis of similarity without experiencing corresponding changes in temporal relations, the reverse cannot be the case. The operation of the duration illusion makes grouping structure more pronounced and may therefore be viewed as an adaptive property of the perceptual system. Its presence in infancy indicates that the developing auditory system is not only sensitive to temporal organization within the stimulus, but is actively seeking, and, indeed, promoting such organization.
The contextual effects observed in the tone sequences of the present investigation have parallels in infants* perception of speech. For example, infonts' perception of the duration of formant transitions in speech syllables is influenced by overall syllable duration, suggesting that infants process such information in a relational manner, perhaps to compensate for differences in speaking rate (Eimas & Miller, 1980) . Similarly, infants are better at detecting changes in the order of phonetic elements in syllable-like (CVC) stimuli than in syllable-unlike (CCC) stimuli (Bertoncini & Mehler, 1981) . These findings with speech and nonspeech stimuli indicate that holistic or configural factors play a critical role in infants' perception of auditory patterns.
